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,\ ♦ a „ her rhvoersensitivity-related) gene family and individual components thereof 

by an incompatib.e (avirulent or "^^^J^J'S. plant response have been extensively 
ganism. Several defense ^"J^^^l^y ***** in the synthesis of antimicrobial phy- 
studied: they include enzymes of the phenylp °P ano '°pa mway t these 

toalexins, enzymes with hydrolytic act.v.ties, toxic compounds and cell wa I prote ^ ^ ^ 

genes are induced around the necros«. once it has developed ^la e ^ SQme 
Le a,so strongly expressed ^^^^^^^^^ genes as well as 
of them, during the normal ^^^^^^ not account by itself for establishment of the 
their activation in the late steps of h iHR«W ' ^Uhey y ^ ^ ^ 

complex inducible response that ,s the HR. bu \ r *™'™J™* 0 f the HR are not known. In the "gene 
mechanisms leading from plant-pathogen recognitor, tc deve 0 P^"^ jnvolves the putative 

for gene" hypothesis, the initial step of ^^^ t ^^i^^ s ^ VB ^ avirulent gene, 
interaction between the products of a plant ^.stance gene and ^^P^JJJ afe d 9 etermined through 

^nL during the resistance reaction. wilting of different 

It is known that Pseudomonas so/anacearum, a vase ular bac c (h )and tnogen |citygene 
plant species including Sotanaceae. In this bactenum a ^^^J^JiVcaJ the cLa« 
cluster has been shown to control both the ab.lity to el,c,t the HR on no host ^p.ants a ^ 
on host plants. In particu.a, hrp gene mutants of P. bacteria, path- 

hacco plants. Recent,y. it was established that ^ important 
ogen. Erwinia amylovora, encodes a prote.naceous HRehc,^ H R-inducing incompatible isolate. 

ro,e of hr P genes in eliciting the HR. Upon I^^^^^Si tne interaction, before any nec- 

genes are activated preferentially dunng the HR. hereinafter designated hsr203J. 

the sequence of which is depicted in S£U iu ino. i . ne h h ttmntriv ; nn i a the promoter region of the 

exhibits little, if any substantia, homology with known and in trans- 

hS r203J structural gene operably linked ^J^^^^SP^^ development of hyper- 
genie plants indicate that the expression of the hsr203J gene is close y re appearance of the 

-=SS^^ - - — bacterial 

iso,ate * ^ i e n,nv/iH^d a recombinant DNA sequence including a region com- 

DNAsoouance th. ttm moar* ft. said -agio. ^^^^^L tenition sig- 
onyms, ie codons which specily a corresponding ammo ac.d or a corresponoing 

' n %heretheterm,unc^^ 

ouence the term means the said region wherem '^^^^^J^ wlh the proviso 
cleotides and/or the region wherein one or more nucleoli have b ««n * aae 
that the thus produced equivalents retain transactional regulatory activity ana 

As used herein, the term "substantial homology refer ^^^^^ conditions refer to 
ventional hybridization conditions with a reference sequence. MM hornology 

hybridization in which the TM value is between 35 and 45 C. Most preteraoiy 
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refers to a DNA sequence which hybridizes with the reference sequence under stringent conditions (as defined 

^'TL term Watery region" as used herein refers to the nucleotide region in the sequence depicted in 
SPO ID No 1 ZlTs o L protein encoding region in the sequence. The regulatory reg.on thus includes 
ID No. 1 which is t to P components of the promoter which affect transcription. 

assess sssr- JSr s «- « ~. ~- — 

are deS having ,tle.st7u% identicl « simllarsmino acid, residues in the same pos, , on w en aligned 
opCrTSr. (or up .0 4 de.eti.ns or up (. .0 additions. Fo, the purpose of tne present invention. 

Alanine, Serine and Threonine are similar; 

Glutamic acid and Aspartic acid are similar; 

Asparagine and Glutamine are similar; 

Arginine and Lysine are similar; 

Isoleucine, Leucine, Methionine and Valine are similar; 

by "p'«e« *- SEQ ID No. 2 and having a, leas. 5 amino acid. More ^pre erabty the pepl.de has 

The invention also includes a recombinant DNA sequence including a region compns.ng nucleotides 1413 

proteose thatupon infection byac^atl^ 

The ensuing activation of the hypersensitive response by the hsr203J protein ,n infected plant cells haltsfurtner 

^^tlnvtSso Includes a recombinant DNA sequence inc.uding a region comprising nudeotides , to 
1 ^1 of the seauence depicted in SEQ ID No. 1 or a functional equivalent thereof, or a recomb.nant sequence 
o 3 : 1 pS rST^U or said equivalent. Nuclides 1 to 1341 co^ K 
coding region of the sequence which is 5' to the said protein encod.ng reg.on The reg.o ' t'SsJ gene 
quence comprising nucleotides 1 to 1341 includes the transcriptional t ^^^^^ 9 
including the promoter (binding site for RNA polymerase) and ^•^.^ e ^^;^i l0 „ 0 f 
Silencer and enhancer elements are useful in that they enable modulation of the level of expressio 

1 to 651 of the sequence depicted in SEQ ID No. 1 or a functional equivalent thereof ,o, ■ - 

comprising a part of said region or said equivalent. The region comprising nucleotides 1 to 651 includes a 

SCT te™ 

652 to 1341 of the sequence depicted in SEQ ID No. 1 or a functional equivalent th ^" « ^ 
sequence comprising a part of said region or said equivalent. The region compns.ng nuc.eot.des 652 to 1 
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includes a transcriptional enhancer and the promoter (ie RNA polymerase binding site) of the hsr203J gene. 

The invention further provides the use of hsr203J promoter sequences as affinity substrates for the iden- 
tification and subsequent purification of hsr203j promoter binding proteins (hsr-PBP's) and proteins associated 
with these hsr-PBP's. Such hsr-PBP's have been partially characterized, are probably present constitutively 

5 and may bind to hsr203J promoter sequences upon incompatible reaction of the host plant such as occurs when 
Nicotiana tabacum L is inoculated with specific strains of Pseudomonas solanacearum. 

The invention still further includes a recombinant DNA sequence including a region comprising nucleotides 
1195 to 1341 of the sequence depicted in SEQ ID No. 1 or a functional equivalent thereof, or recombinant se- 
quence comprising a part of said region or said equivalent. The region comprising nucleotides 1195 to 1341 

10 includes a bacterial response element which is capable of binding to specific proteins which are produced by 
pathogens during their infection of tissue, and which are implicated in the development of the hypersensitive 
response (see above). 

The invention still further includes a recombinant DNA sequence including a region comprising nucleotides 
1195 to 1268 of the sequence depicted in SEQ ID No. 1 or a functional equivalent thereof, or a recombinant 
15 sequence comprising a part of said region or said equivalent. This region more precisely defines the bacterial 
response element. 

The invention still further includes a recombinant DNA sequence as disclosed above wherein the said re- 
gion, part or equivalent thereof is located on the 5' side of, and is operably linked to, a protein-encoding se- 
quence of a heterologous gene or to a sequence comprising nucleotides 1 41 3 to 241 7 of the sequence depicted 
20 in SEQ ID No. 1 or a functional equivalent thereof. It is particularly preferred that a translation enhancing se- 
quence is present between the region or part or equivalent thereof, and the protein-encoding region of the DNA 
sequence 3' thereto. 

The heterologous gene may be any suitable structural gene, including a selectable or screenable marker 
gene or a gene, the product of which is capable of conferring resistance or tolerance to at least one of the fol- 
25 lowing: insects, herbicides, fungi, bacteria and viruses, a marker gene for use in disease pressure forecasting 
and anti-feedant genes. 

The promoter, and/or regulatory regions of the hsr203J gene may be fused to a structural gene encoding 
a non-diffusible cytotoxic gene product such as an ribonuciease, protease, lipase or glucanase. Induction of 
expression of such structural genes provides a rapid and localized response to infection by pathogens, and 
30 may be useful in providing resistance or improving tolerance of the plant to the pathogen. 

Moreover, the regulatory regions of hsr203J gene may be used in the creation of "detector" plants enabling 
the early detection of disease pressure. The hsr203J promoter and/or regulatory regions thereof, may be fused 
to a nucleotide sequence providing for a visual alteration to the host plant phenotype upon activation of the 
promoter by infection. Such sequences include the anti-sense orientation of the gene encoding the Small Sub- 
35 unit of Ribulose B-phospho Carboxylase (SS-RUBISCO) which causes localized bleaching of green tissues. 
Such sequences could also encode a gene encoding a key enzyme in pigment biosynthesis such as chalcon 
synthase. 

The invention also includes recombinant DNA according to the invention, which is modified in that codons 
which are preferred by the organism into which the recombinant DNA is to be inserted are used so that ex : 

40 pression of the thus modified DNA in the said organism yields substantially similar protein to that obtained by 
expression of the unmodified recombinant DNA in the organism in which the protein-encoding components of 
the recombinant DNA are endogenous. 

The invention still further includes a DNAsequence which is complementary to one which, under stringent 
conditions, hybridizes to any one of the above disclosed recombinant DNA sequences. 

45 "Stringent hybridization conditions" are those in which hybridization is effected at between 50 and 60°C 
in 2X saline citrate buffer containing 0.1%SDS followed by merely rinsing at the same temperature but in a 
buffer having a reduced SCC concentration which will not affect the hybridizations that have taken place. Such 
reduced concentration buffers are respectively (a) 1xSCC, 0.1%SDS; or (b) 0.5xSCC, 0.1%SDS; or (c) 
0.1xSCC,0.1%SDS. 

so The invention still further includes a DNA vector comprising a recombinant DNA sequence according to 
the invention or a DNA sequence which is complementary to one which, under stringent conditions, hybridizes 
thereto. 

It is preferred that the vector according to the invention be used to transform a eukaryotic host, preferably 
of plant origin. It will be appreciated that suitable micro-organisms may be transformed with such a vector, and 
55 such micro-organisms represent yet a further embodiment of the invention. 

The term "plant" is used herein in a wide sense and refers to differentiated plants as well as undifferen- 
tiated plant material such as protoplasts, plants cells, seeds, plantlets etc. that under appropriate conditions 
can develop into mature plants, the progeny thereof and parts thereof such as cuttings and fruits of such 
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plants. 

Preferred vectors will of course vary depending on the chosen host. For dicotyledons, the vector may be 
introduced into a protoplast by contacting the vector with the protoplast in a suitable medium and under ap- 
propriate conditions which render the protoplast competent for the uptake of DNA; the vector may also be em- 

5 ployed in the form of an Agrobacterium tumefaciens Ti-plasmid derivative which infects plant cells or proto- 
plasts. Monocotyledons are preferably transformed by micro-injection, electroporation or by use of the micro- 
projectile gun, using the so-called ballistic technique. In any case, appropriate transformation vectors and pro- 
tocols are well known in the art. The transformed cells or protoplasts are cultured in an appropriate culture 
medium, and a transformed plant is regenerated in a manner known per se. The introduced nuclear material 

w is stably incorporated into the genome of the regenerated transformed plants which accordingly express the 
desired genes. 

Examples of genetically modified plants according to the present invention include: fruits, including tom- 
atoes, peppers, mangoes, peaches, apples, pears, strawberries, bananas, and melons; field crops such as 
canola, sunflower, tobacco, sugar beet, small grain cereals such as wheat, barley and rice, corn and cotton, 
15 and vegetables such as potato, carrot, lettuce, Brassica oleracea such as cabbage and onion. The particularly 
preferred plants are sugar beet and corn. 

The invention still further includes the progeny or seeds of such plants, and the seeds and progeny of 
said progeny. 

The invention still further includes protein obtained by expression of the recombinant DNA according to 
20 the invention, and in particular, expressed protein having the amino acid sequence depicted in SEQ ID No. 2, 
or a part thereof or a functional equivalent of said sequence or part. 

The Invention will be further apparent from the following description, and the associated Figures and Se- 
quence Listings. 

25 Of the Figures : 

FIG. 1 shows a chimeric construct used for transient gene expression assays in tobacco protoplasts and 
for transformation of tobacco plants via Agrobacterium tumefaciens. Fig (A) shows the restriction map of the 
chimeric p-glucuronidase gene on pHG21 (or pHG21 A). This gene consists of a translational fusion between 
30 1 .4 kb of the 5* flanking sequence from the hsr203J gene and the coding region of uidA gene linked to the no- 
paline synthase gene polyadenylation signal (nos T). Fig (B) shows the sequence (SEQ ID No. 2) of the pHG21 
translational fusion joint. The hsr203J gene sequence is in bold type and the uidA sequence is in standard 
type. The orientation is 5* to 3', and the arrow in the Figure indicates the position of the fusion between the 
sequences. 

35 FIG. 2 shows the effect of infection with different isolates (hrp, K 60 and GM1 1 000) of Pseudomonas sol- 

anacearum on hsr203J promoter activity in transformed tobacco protoplasts. As a control, water was added 
to the protoplasts. Plasmids pBI201 and pBI221 are respectively negative and positive control plasmids; 
pHG21 is the hsr203J-uidAgene fusion. GUS activity assays were performed 24 h after incubation. The data 
shown represent the mean of three separate experiments. 

40 FIG. 3 shows the time course of hsr203J promoter activation of the GUS gene in transgenic tobacco leaves 

infiltrated with different isolates (hrp, K 60 and GM1 1000) of P. solanacearum. GUS activity was measured in 
extracts of four leaves from two pHG21-14A transformants. 

FIG. 4 shows a quantitative analysis of GUS activity in locally bacterial-infected transgenic tobacco plants. 
Figure (A) shows the induction of p-glucuronidase activity in the inoculated third leaf, and in the upper and 

45 lower un-inoculated leaves. Figure (B) shows the induction of p-glucuronidase activity in and around the lesion 
of the inoculated third leaf. The following tissue samples were assayed: lesion meaning necrotic tissue resulting 
from the wounding and/or bacterial infection; 0-3mm meaning apparently healthy tissue up to 3mm from the 
lesion; 3-6mm meaning apparently healthy tissue 3 to 6mm surrounding the lesion. Inoculation was performed 
on pHG21-14A transformants. Small leaf perforations were covered by a droplet of the bacterial suspension 

so (3 u.L containing 10 8 c.f.u./mL) or water, as indicated on the Figure. Tissue samples were collected 18 h after 
inoculation. 

FIG. 5 shows the effect of hrp mutants on the activation of hsr203J promoter in transgenic pHG21(14A) 
tobacco plants. Figure (A) shows localization of hrp mutations in the different transcription units of the hrp gene 
cluster. Figure (B) shows measurements of GUS activity in leaves at 18 h after inoculation by the hrp K60 or 
55 GMI 1000 isolates or by water, or by the hrp mutants indicated in Figure (A). Inoculation was performed as 
described for Figure 4. 

FIG. 6 shows schematically the construction of plasmids pHGD having several deletions of pHG21. 
FIG. 7 shows in transgenic tobacco plants the expression of the GUS gene by constructs obtained by 
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V ammeter deletions of pHG21 (according to the scheme of Figure 5). The plants were transformed with 5 m 
DnT an d the "lOO was given to the GUS activity obtained by transformation with the P HG21 construct. 
The Figure shows the increase in activity (after 18 hours) of the GUS gene as a consequence of ,nf.ltrat.on 
ol "the ^ transformed plants with the bacterial strains Delta 3. K60 and GM1 1000. As controls plants were inf.l- 
5 trated with water. 

Of the Sequences : 

SEQ ID No I shows the nucleotide sequence of the hsr203J gene, including the protein encoding region 
,o and promoter and transcriptional regulatory elements therefor, isolated from tobacco. The P rat *" 

gion of the gene is comprised by nucleotides 1413 to 2417 in the sequence. Putative P^^y' 31 '^^" 3 ( 
are present 3' to the protein coding region of the gene and the sequence respons.ble for the HR ,s within about 
1 4 kb of the 5' non-coding region of the gene. In essence the sequence comprises: 

a) a 72 bp mRNA leader sequence, located at nucleotides 1341 to 1412 inclusive; 

b) CAAT and TATA consensus sequences located at nuc.eotide positions 1282-1286 and 1313-1316 re- 

spectively; 

c) the translation start site codon at nucleotide positions 1413-1415; 

d) the "deletion promoter" sequence located at nucleotides 1-1341 inclusive which .s substantially respon- 
sible for the promoter activity; . „ PrtmAtor 

20 e) the sequence located at nucleotide positions 1195-1268 having an enhancing effect on the promoter 

mne^equence located at nucleotide positions 1-651 having a silencing effect on the promoter activity 
SEQ ID No. 2 shows the translation product of the hsr203J structural gene, encoded by nucleotides 1413- 

25 2 ^ SEQ S fD Q N l o.3 0 sh 1 ows a linker region for a chimeric gene comprising the 5' flanking region of the hsr203J 
structural gene and the coding region of the uidA reporter gene. The start codon for the hsr203J s ructura. 
gene is at nucleotides 10-12 in the sequence and nucleotides 13-64 encode the N-termmal sequence of the 
hsr203J gene product. 

30 Bacterial Strains and Plant Material 

The source of the Pseudomonas solanacearum strains used herein is depicted in Table 1 . 



35 



40 



45 



50 



55 



6 



EP 0 612 848 A2 



10 



I«=^============= = ----= - " d m " utant strains used in this study, 

Strains =-==========="==— = "" === 

Wild type , m Tomato HR 

™ ^r^(17) To m a t o Disease 

M„ M «s CM/ /«» */ A* g ene cluster) 

Boucher er a/., unpublished No sy m P t0IDS 

Ahrp 

M „,« S „ * 8 - *~ CM, ,000 W-B20 

GMI 1462, 1475, No symptoms 

1494 1492, 1487 Arlat et al. (18) Partial and/or 

GMl' 1 423 , 1 425 Arlat et al. ( 1 8) delayed HR 

WBM „, CM, ,000 CT**0 * £ ~ 

GMT 1485 Arlat et al (18) ======= === 



20 



25 



30 



35 



40 



45 



50 



55 



The GM11000 and K60 isolates are wild-type P. s0 ' a "~!" 
Aderivative of the GMI1000 isolate, called A^p, dele e^^ 

fn inoculated leaves. Eight ^^^^T^^L 1425 strains are each mutated in one 
used as described below. The ^^^'^^ All these strains have lost the ability to cause an 
of the six putative transcription units of the ^^^^J^ in the right-hand end of the hrp gene 
HR on tobacco, except strains GMI1423 «d1«jj* ™™ strain GMI1485 which is mutated 

cluster, and induce only a partial an on . delayed HR on tobjeco. ^ expresses the structural 

outside of the hrp gene cluster and el.ats *™™™™™ GJ media The cultivars of Nicot.anatebacum 
gene of p-galactosidase. All these are ,grown at 28 »CKiB^rBOT^^^ ^ ^^^^ hlocl- «tIon. Xh« 
I. used herein: Bottom Special and S«^**J ^ 1 ( 2) during 4 to 5 weeks (25= C 1 6 h photopenod. 

Isolation^^ t . q hgge ^ 

A tobacco (Nftrffcn. faoacum L cultivar ^-^lE; ^^^taSjS^ 
Emb.3 (Clontech) is screened with ^f 0 ^^^^ library are treated and hybridize as 
dom primer technique (4). Replicate n * r ^^^'2S^g«nomlc clones including hsr203J are jto ated. 
suggested by the manufacturers ^^lZ2^SSZ» stoned in the phagemid pKS (Stra- 
Exonuclease HI deletions are performed the dideoxy chain termination method 

taqene) according to Henikof f (5), and both strands are s^uencea y perf0 rmed by using the 

6) usfng Sequenase (US Biochemical. Corp.). ^^^^^^^ searches with the Genebank 
( G netics Computer Group software - ^^^ JJ^SS S theFASTA algorithm (8). The pro- 
(release 71 .0) and Swissprot (release 21 .0) data base s « P«£™ J me mbrane-spanning domains us- 
Sn sequences are analysed for potential ^XTSchemistry. University of Geneva. Sit- 

ing release 5.0 of the PC/Gene Programme (Department of Meo.ca 
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• V o^rt citA determined bv the primer extension technique using polyA+ RNA ex- 
oated <t the ATG codon (nucleotides 1413 to 1415 in SEQ 10 No. 1). 

Reporter gene constructs 

A2 2kilobase(kb) Bglll fragment containing 1 .3 kb of the 5' non-coding region of the tobacco hsr203J 
L /h^ Jth* nucleotide sequence downstream of the transcription start site is cloned 
gene and 890 base pairs (bp) ^ n ^^r"^ This plasmid is dige sted with BstBI, which cuts once 
into the BamHI site of phagem.d pKS. to produce pKJM. This pia J d b 

into the Sail - Smal e c0 RI Defragment of pHG21A, including the hsr203J 
hsr203J- uidA gene fusion pHG21A. A3.5 kb Hinan it y ^ 

promoter and the uidA coding sequence , ^ligated into the Hindi. EcoF ^ g ^ ^ 
PHG21 , for transient express.on ^^^^^Z^ 55 bp of the coding sequence of hsr203J 
1 341 bp 5' non "^^^^^J^^ synthase(nos) gene po yadenyWion signal. 

tech). 

Protoplast isolation and transient express ion assays 

fs then added. After incubation at 28' C for 24 h, the protop.asts are lysed by the addition of 50 ,L of 10X GUS 
buffer, centrifuged and the supernatant is assayed for GUS activity (10). 

Transgenic tobacco plants 

P HG2A pBI121. and pBIIOI are mobilised from Escherichia coii DH5a into ^flZTteZ 
strain LBA 4404 (13 and transgenic tobacco plants (N. tabacum. Bottom Special) are generated by the lea 
d k mefho^ \Z) Transformed plants are selected on MS medium containing 0.8 % Difco agar, kanamycin a 

0 Z Z J- iSnWinn at 500 ,g/mL. Transgenic plants are 
genotypes are determined by progeny (T2) analysis, by germination on MS med.um containing kanamycn (500 

ng/mL). 

Inoculation of transgenic plants with bacterial isolates 

All the inoculation experiments are performed on kanmycin-resistant ^^^^^1^^ 
the same genotype per experimental condition. For the screening of transformants a nd kineti c expenm m , 
TtZeZJ* detached from 8 week-old plants and infiltrated in vacuo with ^^^^ 
c.f.u./mL) or water as described in ref (1 2). Syringe infiltration expenments ™£^™J^*$&* 
by infiltrating the bacterial suspension (10« c.f.u./mL) into a small region of undet ached eaves^t a syr g 
without a needle. For some experiments, inoculations were performed on « J^«£ Tneedle and a 

cubes (Sigma) on MS medium. Each half of a leaf is perforated 6 tune, with " " J^^lJ^a* 
3^Ldropletofbacterialsu S p e nsion(108c.f.u./mLin0.4%Difcoagar),s.mmed,atelydepos.tedatthewouna 



sites. 



EP 0 612 848 A2 



co*** 0.2 % Oifco agar, and moco '"f^^^^SS, IMl elgenc. For generalized roo, 



time. 
GUS assays 



f5 



20 



—eisgroondin*^^^ 

min per mg of protein. AlternanveJ,. ^^.^^Tpto,,* AG) as .ho subs.** (10). Fo, soma 

.^a^X"— M jNaP °' PH? ' """ de3,ed * b0 "'" 9 

ethanol and stored in ethanol 70 %. 

p-galactosidase assays 

buffer P H 7.4. 10 mM KCl. £ J J 33 ^ g ^nta-Gal (Biosynth Ag) or X-ga. 

nous plant ^^T^^^JS^S^ then cfeared by boiling in ethanol and observed 

in T buffer containing 5 mM K 3 FeCN) 6 ana d mm r^r^ 
25 by dark- or bright-field microscopy. 

Characterization of hsr203J gene 

The hsrZOS, gene is isolated by ^^^^^SSS^S^ 
to a small multi-gene family consisting of a mjmnum of 4 gene ^ 
corresponding to 2 different cDNA clones ^.^^^^^1. a s *gle open reading frame 
Sequence analysis of the 2.7 kb DNAregion of Na 1)« 9 ^ rf ^ saj(J 

(ORF) with no intron and a potential cod.ng capacty of 355 amine , ac .ds^ne misma tches 
2.7 kb'region is identical to the P Nt239 ^^^^^^^S^m: thegenomic 
are probably due to the isolation of the , genome an cDNA ^^* ff ^,^ f ^ cultlv«r Bottom 
clone is isolated from cultivar NK326 whereas the (M239 cDNA clone ,s o 
Special. The predicted hsr203J structural protein (SEQ ID No 2) has a Mr. 

electric point of 5.17. ov , on cinn to a Dosition 72 bp upstream of the putative 

to cis-elements already described in defense genes. 
T„n. iM ,. ..nression or fhe taVOto* A oena fusion in lobacco protoplasts 

pHG2 , ptosmid ,s composed o, , — «» ^2^^ 2 

controls in transient assays. 0 „ tif j- H huFvans blue exclusion is not significantly 

initial experiments show that protoplast v.abil.ty as * a *™ * subsequently experi- 

altered in the presence of bacteria at 10 to ^^^^^^^S^^dl GUS fused 
ments are performed with 10 bacteria to the controls (water 

to the hsr203J promoter m response to GMI1 000 solate is b to. 9 Q , d t 2 . fold incre ase 

or Ahrp inoculation) (Fig. 3). In comparison, Inoculation with ^^^^^6 in protoplasts trans- 
inenzymeactivity.TheselevelsofGU^^^^ 

formed with the CaMV 35S-uidAgene fusion (pB!221) which exniDii a nig,. 

the various inoculation treatments (Fig. 3). h «r?rrtJ oromoter contains all the nec- 

The results of transient assays therefore indicate clearly ^tJ^W^Md that this expression 
essary elements for its preferential activation by the HR-.nduc.ng bacterial isolate. 
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system perfectly mimics the ptant/pathogen interaction. 
Expression of hsr203J-uid A gene fusion in transgenic tobacco 

5 In order to determine the spatial and temporal patterns of expression of the hsr203J promoter in planta, 

the hsr203J-uidA gene fusion is transferred to tobacco by leaf disk transformation. 12 plants resistant to ka- 
namycin are used in all the experiments. Of 23 kanamycin resistant transformants, 20 expressed the gene 
fusion and these all exhibit the same overall pattern of expression: GUS activity is found maximal after infil- 
tration with GMI1000, with a 2- to 90-fold stimulation over control infiltrations (water or Ahrp), and a 2- to 25- 

10 fold induction over K60 infiltration, 18 hours after inoculation (not shown). These levels are comparable to 
those obtained in transient experiments after inoculation by GMI 1000 or K60. 

Based on this analysis, a transformant (pHG21-14A) which displays a 90-fold stimulation of GUS activity 
after incompatible inoculation compared to control infiltrations, and contains one insertion of the gene fusion 
per haploid genome, is selected. The presence of a native gene fusion is checked by Southern analysis of gen- 

15 omic DNA (not shown). 

Assay of extractable GOS activity and GUS histochemical localization are both used to monitor the activity 
of the hsr203J promoter in different organs during plant development and in response to bacterial inoculation. 
No GUS activity was detected in 4, 7 or 15 day-old pHG21-14A tobacco seedlings, either in healthy leaves, or 
in flowers of fully grown plants (data not shown). These data indicate that the hsr203J promoter is strongly 

20 activated in leaves inoculated with the HR-inducing isolate, GMI1000, 18 h after infiltration, as indicated by 
the screening of all the transformants obtained. A kinetic study is performed on transformant pHG21-1 4A (Fig. 
3), which shows that in leaves infiltrated with GMI1000, GUS activity increases to a level 12-fold over control 
values 6 h after inoculation, reaches a maximum of 200-fold stimulation at 9 h, and decreases to an intermedi- 
ate level (80-fotd induction) upon longer incubations. Much lower levels are measured after K60 infiltration, 

25 and undetectable levels of GUS activity were found in leaves infiltrated with water or the Ahrp isolate at any 
incubation time. 

Plants transformed with the promoterless construct pHI101 show negligible levels of GUS activity. More- 
over, plants transformed with pBI121, which contain a CaMV 35S-uid A gene fusion, show similar levels of 
enzyme activity, whatever the nature of the inoculum (not shown). Thus the hsr203J-uid Agene fusion exhibits 
30 a distinct and specific pattern of activation upon bacterial inoculation of transgenic tobacco plants that closely 
matches the in vivo pattern of accumulation of hsr203J transcripts in infiltrated tobacco leaves (3). These re- 
sults also indicate that hsr203J promoter is early and specifically activated during an incompatible 
plant/pathogen interaction, and that its induction is hrp gene-dependent since the bacterial isolate which is 
deleted of hrp genes is unable to activate the hsr203J promoter. 
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Localization of hsr203J-uidA activation in response to bacterial inoculation 



Different inoculation tests are performed on transformants pHG21-14A in order to localize precisely 
hsr203J promoter activation in response to bacterial inoculation; first, in tobacco leaves in order to investigate 
40 promoter induction during a typical HR, and secondly, in roots, which are the organs naturally infected by the 
bacteria. 



Leaf inoculations: 



45 In order to test whether the hsr203J-GUS gene expression is local or systemic, leaves of 5 week-old trans- 

genic plants are inoculated with bacterial suspension droplets. After incubation for 18 and 70 hours, GUS ac- 
tivity is determined in half of the inoculated leaf as well as in upper and lower leaves. The results show a 15- 
fold induction of this activity in the inoculated leaf, whereas very low levels are detected in the lower and upper 
leaves (Figure 4A). The other half of the inoculated leaf is used for histochemical GUS assay. A narrow blue- 
so stained region is visualized 18 h and 70 h after inoculation with the HR-inducing bacterial isolate, surrounding 
the wounded area, which is restricted to a few cell layers and is localized very close to yellowing, probably 
dead, cells. The intensity of the staining increases 70 h after inoculation. Only a few dispersed cells exhibit a 
faint blue staining after K60 inoculation; water or Ahrp isolate inoculations induce no detectable GUS expres- 
sion. Staining of transgenic plants harboring a chimeric uidAgene under the control of the CaMV 35S promoter 
55 results in the staining of the entire leaf, with no preferential staining around the lesions, thus demonstrating 
the specific nature of the induction of the hsr203J promoter in this area. A more detailed localization of this 
activation during infection is provided by GUS activity measurements in small squares surrounding the lesion, 
1 8 h after inoculation (Fig. 4B). High levels of enzyme activity (48-fold stimulation over control values) are found 
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only within the necrotic lesion itse.f after inoculation by GMM000. No detects enzyme activity is found in 
tissue up to 3mm away from the lesion. ^ jn the inocu|ated area histoche mical 

in order to determme how ea ^ ^ e h ^^ P "^ d transgenic plan ts locally infiltrated by a syringe with 
GUS localizations are performed on leaves of 8 week o d transg p ^ ^ ^ ^ 

!3~E^H=~~=n== 



Root inoculations: 



• , „,. nrn«n on rafts are wounded and inoculated with a droplet of bacterial suspen- 
Roots of transgenic plants grown on rafts are woun per f 0 rmed. Staining only observed m 

5 sion. After 48 h incubation, histochemica oc al.za bo ° f aC ^ y Q '* *™ dlBtBnC e in the root. Cytologica. 
roots infected by GM.1 000 extends from the J * cd-type dependent (not shown). A gen- 

studies indicate that hsr203J promoter ^^^T^^ w * 0 £ 00t system in a bacterial suspen- 
eralized root inoculation is also performed by s mply J™™* e at t J point of origin of secondary 

sion. in this case. GUS activity is found ^^^^^^^ with the existence of prefer- 
» roots. Expression of the gene fus^n at th,s s^ 

ential sites of bacterial entry into the hostwh,ch h 3 ^^"^" 3 ^^^ by us - ng a bacterial isolate con- 
into the plant. 

30 Dependence of hsr203J-uidA activ ation on hrp genes 

5A) are used to inoculate transgenic plants (PHG21-14A) by_ ™ or p GM|1423 lead t0 a partial or 

,ost the ability to induce an HR on tobacco, ^^^i out ' f 7 teste d mutants; 

delayed HR. 18 h after incubation, no effect on GUSkM^ "I to that of the wild type strain, GMI1000 (Fig. 
only GMI1423 leads to an increase in enzyme activity comparable to ^J^ he dusler . 
SB). These data indicate that hsr203J activation ^*^^J^^^ 9Ul c^ of an in- 
Unti. now, no plant gene has been identif ied which .s pec.f a ^ m ^ ammed c P ell death (HR) 

construction of deletions of the 5' promoter region of P HG21 

Unidirectional de.etionsof the P-oter of the chimej 
according to Henikoff (5). For that purpose, plasm. I pHG21 (F.g. s *J es ^ e dele tions. each 

zymes Shpl and Sail, and then digested by nnriw ^^^MuL I determined by sequencing 
d slant by ca. 200 pb, are selected. The local.zat.on of the 5 end of th ^ deletion^ , 
the region and comparison with the nucleotide sequence of the hsr203J gene (see fig ) 

« niim™, on oene expressio n nf »h« chimeric gene in transgenic tobacco plants 
50 ug plasmid DNA corresponding to the different deletions (Fig. 6) are introduced by transformation into 
tobacco plants. The GUS activity is measured 18 hours after JnoojWioru ^ 

FIG. 7 shows the expression of the GUS gene by instructs obtained by 5 prom ^ 
(according to the scheme of Figure 5). The plants were ^^^^^ shows the increase 
given to the GUS activity obtained by transformat.on w.th the pHG21 construct. u 
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20 



in activity (after 1 8 hours) of the GUS gene as a consequence of infiltration of the transformed plants with the 
bacterial strains Delta 3, K60 and GM1 1000. As controls plants were infiltrated with water. These experiments 
indicate the presence of 2 main regions having a regulatory effect of the deletion promoter of the hsr203J gene. 

One or more elements situated in the 1-651 nucleotide region of SEQ ID No. 1 are responsible for a di- 
5 minution of the expression of the chimeric gene, and elements situated in the second region (nucleotides 652- 
1 268) exhibit a positive effect on the activation of the promoter of the hsr203J gene. 

The study of the spatial and temporal patterns of promoter activation in roots and leaves of transgenic 
plants inoculated with Pseudomonas solanacearum, indicate that 

- the promoter is specifically activated during the HR several hours before the appearance of the necrotic 
10 lesion 

- the localization of its activation is restricted to the few cell layers in contact with the bacteria 

- the promoter does not respond to various stress conditions and is very weakly activated during com- 
patible interactions 

- the promoter activation is strongly dependent on hrp (hypersensitive response and pathogenicity) genes 
of Pseudomonas solanacearum. These genes control the ability of the bacterium to elicit the HR in re- 
sistant or non-host plant and to cause the disease on the host plant. 

In favour of a major role of the bacterial hrp genes in the activation of hsr 203J gene promoter, is the fact 
that the hsr 203 promoter is expressed in response to an HR specific elicitor, harpin, product of one of the hrp 
genes of Erwlnia amylovora. In response to this polypeptide, the promoter is activated at similar levels to those 
observed with the corresponding avirulent strain, but more rapidly. Other potential inducers such as biotic and 
abiotic elicitors, resistance inducers, do not affect its expression. The generality of the specific expression of 
hsr 203J during incompatible interactions with bacterial pathogens has been demonstrated by testing other 
pathogens such as Pseudomonas syringae pv pisi /pseudomonas syringae pv tabaci, and Erwinia amylovora. 

In addition the functional analysis of the cis elements responsible for the transcriptional activation of the 
hsr 203J gene in response to the incompatible bacterial strain, has been initiated by generating a series of 
5' deletions and analysis of these constructs by transient assay and in transgenic plants. The results reveal 
the presence of a distal silencer element, and of two positive regulatory elements, one being quantitative (nu- 
cleotides 655-770 in SEQ ID No. 1), the other one being specific for the response to the bacterium, between 
nucleotides 1195 and 1268 of the SEQ depicted in SEQ ID No. 1. 

These results indicate that the hsr 203J gene promoter exhibits new and original characteristics of acti- 
vation with regard to plant defense genes studied so far; its spatial and temporal program of activation together 
with its specific induction during the HR underline the importance of this gene as a molecular tool to study 
the establishment and regulation of the HR. In addition, a 74 bp sequence element has been defined as re- 
sponsible for the inducibility of the promoter by the avirulent pathogen. 

Although the invention has been specif ically described with reference to activation of the hsr203J promoter 
in response to challenge of Tobacco plants with an incompatible pathogen, it will be appreciated that the pro- 
moter may likewise be activated by challenge of other plants transgenic for the gene with other pathogens, 
including certain viruses and certain fungi, indicating that specific expression of the hsr203J promoter is a gen- 
eral phenomenon of incompatible interactions between host and pathogen which lead to the hypersensitive 

40 response. ... 0 __ 

Moreover, the nucleotide sequence comprised by positions 1195 to 1 268 of the sequence depicted in SEQ 
ID No. 1 containing the bacterial response element binds to nuclear protein extracts from various sources (heal- 
thy plants, plants inoculated with Pseudomonas solanacearum strains: compatible , incompatible and the hrp- 
mutant, after different incubation times). Such binding may be estimated by retardation gel analysis using, 

45 for example, the 74 bp region and several sub-fragments thus enabling identification of discrete sequences 
within the BRE region which are useful in providing genetic constructs comprising inducible disease resistance 
genes. 
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SEQUENCE LISTING 



(1) GENERAL INFORMATION: 



(i) APPLICANT: 

(A) NAME: Sandoz Ltd 

(B) STREET: Lichtstrasse 35 

(C) CITY: Basel 

(D) STATE: BS 

(E) COUNTRY: Switzerland 

(F> POSTAL CODE (ZIP) : CH-4002 

(G) TELEPHONE: 061-324-2327 

(H) TELEFAX: 061-322-7532 

(I) TELEX: 965-C50-55 

15 (A) NAME: Sandoz Patent GMBH 

(B) STREET: Humbolt st rasse 3 

(C) CITY: Loerrach 

(E) COUNTRY: Germany 

(F) POSTAL CODE (ZIP): D-7850 

2Q (a) NAME: Sandoz Erfindungen Verwaltungsgesellschaf t 

nbH 

(B) STREET: 3runner Strasse 59 

(C) CITY: Vienna 

(E) COUNTRY: Austria 

(F) POSTAL CODE (ZIP) : A-1235 

25 (ii) TITLE OF INVENTION: Hypersensitivity related gene 

(iii) NUMBER OF SEQUENCES: 3 

(iv) COMPUTER READABLE FORM : 

(A) MEDIUM TYPE: Floppy disk 
30 (B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC-DOS/MS-DOS 

(D) SOFTWARE: Patentln Release #1.0, Version #1.25 (EPO) 



(2) INFORMATION FOR SEQ ID NO: 1: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 2778 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: unknown 

(ii) MOLECULE TYPE: genomic DNA 

(iii) HYPOTHETICAL: NO 

(iii) ANTI-SENSE: NO 

45 (vi) ORIGINAL SOURCE: 

(A) ORGANISM: Tobacco 

(ix) FEATURE: 

(A) NAME /KEY: CDS 

(3) LOCATION: 1413.. 2417 

50 

(xi) SEQUENCE DESCRIPTION: SEQ ZD NO: 1: 
GGATCTTAAT GTTAGTTTAT CTCTTGTTTT GAATATTTGA TCTTAATTAT AATTTATCCA 60 
55 CCATAAATTT TATTTTCAAA GATCAAACTA TTGATATGAC ATTTCACTTT TTTATCTTTA 120 
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TGTTTGTAGA 


ATCATTAGTG 


GTATTGACTC 


TTACCAATCA 


TTTTTTTTTC 


TTTCTCACAC 


1 flfl 
low 


ATTTATATTC 


TTAAATTTTC 


TTAGTTATTG 


TTTAATAATT 


GGGTATTTTT 


TAATATTACA 


?4fl 


CGAAAAATTG 


ATTAAAAAAA 


TATTATTTGA 


GTAGAAAAAT 


AGTTCAAATA 


TAATATAAAC 




ATATATTATC 


GTGGGAGTAT 


TTTTTTCTCA ATTTCAACTC 


TTTATGCAGT 


CCACTTAATA 


-icn 


TTACTTTTAT 


TTTTTCTTGG 


TATTAGACAT 


TATGGAGTGG 


TAATGTATTG 


CCAATACGGC 




TGATTCTTAT 


GAAATTGATT 


TTATTAAACC 


TTCCTACATT 


TTTAATAATA 


ATTTAATAGA 




CAAAATTTTA 


TTAATTTTAA 


ATATTAAATA 


TTAAAAATTA 


GTAGCATATA 


AGGTATTATA 


^ d ^ 


GTCCAAAAAA 


TAGCTTATTA 


CAGTTACGTA 


CTCTTCCTAT 


GAGTTCTTTC 


GTTTAATAAT 


C <\ f\ 

bU U 


GTAGGGCTAT 


TTTGATATAT 


TAATATTGTA 


TTTATGCTTT 


TATAATAATA 


TAGGCTCTCT 


c c n 
b bU 


TTTTTCTATA 


TGAATTTGGA 


CAATATAATA 


CATTTTCAAA 


TTAAATTAGT 


ATCAAATAAT 




TGTATTTTTG 


CTTTTTTAAT 


AATTTATACG 


CATGAATTTC 


ATAATCCAGC 


ATATTATGCT 


780 


AGAACTTTTC 


GTGTTTCAAC 


TAAAATAATG 


ACTATTTTTC 


AATGACGTTA 


CAAACACTGA 


o 4C 


CTAATTTTTG 


ATTGCAGTCC 


GAAAACTATC 


TAGTCTATGC 


TATTTTCACT 


TTTCTAAACT 


n n rt 


CCCTGCCACT 


GTATGCTTTC 


ATTGGATTAA 


V_ L_ 111 


CACAAATATT 


TTAAAGAGTA 


you 


ATGTTTGACA 


GCGTAATTTG 


AAACATCTAC 


TATGCCTCTG 


TATATAATAT 


CTAATGTTTG 




TTCGTAGACC 


AATATTCTAA 


TTCCTCTCTT 


GT AG ACT AAA 


CGGGGCTGTA 


ACTAACTAAC 




CACCATAGTT 


ATCTAAATTA 


GTGACCCTAG 


CGACCATTGA 


TAATTTGATA 


CTGATCATTG 


i 1 *t V 


ACTTCCACCA 


AATCTACTTT 


CTAAATGTGG 


AC TG ACT CAT 


TATGAATTTG 


TGAGGAAAAT 


1200 


ACTTTCCTAA 


TGCTAGTGCT 


CTTCCCATTA 


TCTAAACTCC 


AAAATTTTGT 


AAAATTCTTT 


1260 


GAACCTTCCT 


TTAAACTACC 


ACAAATTTTC 


TTATCCTTTC 


CTATCTCACC 


ATTATAAATA 


1320 


GCCACGCACA 


TGCAAACCAA 


AGGTACACAC 


TAAACAAACT 


TCATTCTTCA 


AATTACTGAT 


1380 


TACTCGAAAA 


AAACACTTCA 


AACTTTGCCA 


AA ATG GTT 
Met Val 


CAT GAA AAG CAA GTG 
His Glu Lys Gin Vai 


1433 



35 



ATA GAG GAA GTA TCC GGC TGG CTT AGA GTT TTC GAA GAC GGT ICA GTA 1481 
lie Glu Glu val Ser Gly Trp Leu Arg Val Phe Glu Asp Gly Ser Va- 
40 10 15 20 

GAC C3G ACT TGG ACC GGT CCA CCC GAA GTC AAA TTC ATG GCC GAG CCA 1529 
Asp Arg Thr Trp Thr Gly Pro Pro Glu Val Lys Phe Met Ala Glu Pro 
25 30 35 



GTC CCA CCC CAT GAC TAC TTC ATC GAC GGC GTT GCC GTC AAA GAT GTA 157/ 
val Pro Pro His Asp Tyr Phe He Asp Gly Val Ala Val Lys Asp Val 
40 45 50 =5 

GTC GCC GAC GAA AAA TCC GGC AGC CGT CTC CGC ATC TAC TTA CCT GAA 1625 
Val Ala Asp Glu Lys Ser Gly Ser Arg Leu Arg He Tyr Leu Pro Glu 
60 65 7 ° 

CGA AAC GAC AAT TCC GCC AGC AAG CTT CCC GTC ATT CTT CAC TTC CAA 1673 
Arg Asn Asp Asn Ser Ala Ser Lys Leu Pro Val He Leu His Phe Gin 
75 80 85 



GGC GGC GGC TTT TG? GTC AGC CAT GCT GAT TGG TTC ATG TAC TAC ACT 
Gly Gly Gly Phe Cys val Ser His Ala Asp Trp Phe Met Tyr Tyr Thr 
55 * 90 95 100 
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GTC TAC ACG CGC CTA GCG CGC GCG GCC AAA GCT ATC ATT GTC TCC GTC 17 69 

fal Tyr JSr Arg Leu Ala Arg Ala Ala Lys Ala lie lie Val Ser Val 
105 110 115 

TTC CTC CCC CTC GCG CCG GAG CAC CGC CTC CCA GCT GCC TGC GAT GCC 1817 
^he Leu Pro Leu Ala Pro Glu His Arg Leu Pro Ala Ala Cys Asp Ala 
' 12 0 125 130 135 

GGT TTC GCC GCT CTC CTC TGG CTC CGG GAC CTC TCC CGG CAG CAA GGA 18 65 

Glv Phe Ala Ala Leu Leu Trp Leu Arg Asp Leu Ser Arg Gin Gin Gly 
140 I 45 150 

CAC GAG CCC TGG CTC AAC GAT TAC GCA GAT TTC AAC CGA GTA TTC CTC 1913 
Kis Glu Pro Trp Leu Asn Aso Tyr Ala Asp Phe Asn Arg Val Phe Leu 
155 160 165 

ATC GGA GAC AGC TCC GGC GGG AAC ATA GTC CAC CAA GTT GCC GTC AAA 19 61 

He Glv Asp Ser Ser Gly Gly Asn He Val His Gin Val Ala Val Lys 
170 175 180 

GCC GGC GAG GAA AAC TTA TCT CCA ATG CGA CTG GCC GGC GCA ATT CCG 200 9 

Ala Gly Glu Glu Asn Leu Ser Pro Met Arg Leu Ala Gly Ala He Pro 
185 190 195 

ATC CAT CCA GGT TTC GTG CGG TCC* TAT CGG AGC AAA TCG GAG CTA GAA 2057 
He His Pro Gly Phe Val Arg Ser Tyr Arg Ser Lys Ser Glu Leu Glu 
200 205 210 215 

CAA GAG CAA ACC CCG TTT TTA ACA TTA GAT ATG GTG GAT AAA TTT CTA 210 5 

Gin Glu Gin Thr Pro Phe Leu Thr Leu Asp Met Val Asp Lys Phe Leu 
220 225 230 

GGG TTA GCT TTA CCA GTA GGG AGC AAC AAG GAT CAT CAA ATA ACA TGT 2153 
Glv Leu Ala Leu Pro Val Gly Ser Asn Lys Asp His Gin He Thr Cys 
235 240 245 

CCG ATG GGA GAG GCG GCG CCG GCA GTG GAG GAG CTT AAA TTA CCG CCT 2201 
Pro Met Gly Glu Ala Ala Pro Ala Val Glu Glu Leu Lys Leu Pro Pro 
25C 255 260 

TAT TTG TAC TGT GTG GCG GAG AAA GAT CTG ATA AAG GAC ACT GAA ATG 224 9 

Tyr Leu Tyr Cys Val Ala Glu Lys Asp Leu He Lys Asp Thr Glu Met 
35 265 270 275 

GAG TTT TAC GAA GCT ATG AAA AAG GGG GAA AAG GAT GTA GAG CTG TTT 2297 
Glu Phe Tyr Glu Ala Met Lys Lys Gly Glu Lys Asp Val Glu Leu Phe 
280 285 290 295 

ATT AAC AAT GGA GTG GGA CAT AGC TTT TAT CTT AAC AAA ATT GCT GTT 2345 
He Asn Asn Gly Val Gly His Ser Phe Tyr Leu Asn Lys He Ala Val 
300 305 310 

AGA ATG GAC CCT GTA ACT GGT TCT GAA ACT GAA AAA CTT TAT GAA GCC 2 393 

Arg Met Asp Pro Val Thr Gly Ser Glu Thr Glu Lys Leu Tyr Glu Ala 
315 320 325 

GTT GCA GAG TTC ATC AAC AAG CAT TA AAAGGAGAAA ATTTGTGGTT 2439 
Val Ala Glu Phe lie Asn Lys His 
330 335 

TTGCAGAATA TTTGTTTGTT GCATGCATGT TCAAGATTTT GATGTACCGT CTTGATTGTC 2 4 99 

ACGTTCTAAT GGTTTTGTAA TTATAATTAT GAGGAGTAAA TTTCTATTGT T GCG TAG AAA 2559 

TGTTTTTTCT TTGGTAGTAA ATGTTTATTT GTAATACTTT AAAAAGTGGA CAAATTTCTT 2 619 

TTGAGATTCA TGAAATAATA TCTTTAAATT TCGAATGTCA ATAAGTCCAG AAATTGAAAT 2 67 9 

GTATCTGTAC CGTCAATGAA GTCTCCTTGA GGCTTTTTTT CACATGATAT CGTCTATACC 27 39 
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ACCAAAAAGT TTGATAAGCT ATACAATATG AGATTCTCG 277 8 

(2) INFORMATION FOR SEQ ID NO : 2: 

U) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 335 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

10 (ii) MOLECULE TYPE: protein 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 2: 

Met Val His Glu Lys Gin Val lie Glu Glu Val Ser Gly Trp Leu Arg 
15 10 15 

Val ?he Glu Asp Gly Ser Val Asp Arg Thr Trp Thr Gly Pro Pro Glu 
20 25 30 

Val Lys Phe Met Ala Glu Pro Val Pro Pro His Asp Tyr Phe lie Asp 
35 40 45 

Gly Val Ala Val Lys Asp Val Val Ala Asp Glu Lys Ser Gly Ser Arg 
50 55 60 

Leu Arq He Tyr Leu Pro Glu Arg Asn Asp Asn Ser Ala Ser Lys Leu 
65 70 75 80 

Pro Val He Leu His Phe Gin Gly Gly Gly Phe Cys Val Ser His Ala 
85 90 95 

Asp Tro Phe Met Tyr Tvr Thr Val Tyr Thr Arg Leu Ala Arg Ala Ala 
100 " 105 HO 

Lvs Ma He He Val Ser Val Phe Leu Pro Leu Ala Pro Glu His Arg 
30 ' H5 120 125 

Leu Fro Ala Ala Cys Asd Ala Gly Phe Ala Ala Leu Leu Trp Leu Arg 
130 * 135 140 

Asp Leu Ser Arg Gin Gin Gly His Glu Pro Trp Leu Asn Asp Tyr Ala 
35 1 45 iso 155 160 

Asp Phe Asn Arg Val Phe Leu He Gly Asp Ser Ser Gly Gly Asn He 
165 170 175 
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Val His Gin Val Ala Val Lys Ala Gly Glu Glu Asn Leu Ser Pro Met 
180 185 190 

Arg Leu Ala Gly Ala He Pro He His Pro Gly Phe Val Arg Ser Tyr 
195 200 205 

Arg Ser Lys Ser Glu Leu Glu Gin Glu Gin Thr Pro Phe Leu Thr Leu 
210 215 220 

Asp Met Val Asp Lys Phe Leu Gly Leu Ala Leu Pro Val Gly Ser Asn 
225 230 235 240 

Lys Asp His Gin He Thr Cys Pro Met Gly Glu Ala Ala Pro Ala Val 
245 250 255 

Glu Glu Leu Lys Leu Pro Pro Tyr Leu Tyr Cys Val Ala Glu Lys Asp 
260 265 270 

Leu He Lys Aso Thr Glu Met Glu Phe Tyr Glu Ala Met Lys Lys Gly 
275 * 280 285 

Glu Lys Asp Val Glu Leu Phe He Asn Asn Gly Val Gly His Ser Phe 
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290 295 300 

Tyr Leu Asn Lys He Ala Val Arg Met Asp Pro Val Thr Gly Ser Glu 
3C5 310 

Thr Glu Lys Leu Tyr Glu Ala Val Ala Glu Phe He Asa Lys His 
325 330 ^ 

(2) INFORMATION FOR SEQ ID NO : 3: 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 93 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: unknown 

(ii) MOLECULE TYPE: genomic DNA 
(iii) HYPOTHETICAL: NO 
(iii) ANTI-SENSE: NO 

(xi) SEQUENCE DESCRIPTION : SEQ ID NO: 3: 
TTTGCCAAAA TGGTTCATGA AAAGCAAGTG ATAGAGGAAG TATCCGGC7G GCTTAGAGTT 
TTCGGGGTAG GTCAGTCCCT TA7GTTACGT CCT 



60 
93 



Claims 



1 A recombinant DNA sequence including a region comprising the nucleotide sequence dep ict ed ir, , SE !Q 
ID Nc JTi a Ifuncttond equivalent thereof, or a recombinant sequence comprismg a part of sa,d reg,on 
or said equivalent. 

2 A recombinant DNA sequence including a region comprising nucleotides 1413 to 2417 of the sequence 
JepSed in SEQ ID No 1 or a functional equivalent thereof, or a recombinant sequence compnsmg a part 
of said region or said equivalent. 

3 A recombinant DNA sequence including a region comprising nucleotides 1 to 1341 of the sequence de- 
pictedTn SEQ ID No. 1 or a functional equivalent thereof, or a recombinant sequence compnsmg a part 
of said region or said equivalent. 

4. A recombinant DNAsequence including a region comprising nucleotides 1 to 651 J^^JJa 
in SEQ ID No. 1 or a functional equivalent thereof, or a recombinant sequence compr.sing a part of sa,d 
region or said equivalent. 

5 Arecombinant DNAsequence including a region comprising nucleotides 652 to 1341 of the sequence de- 
pictedTn SEQ ID No. 1 or a functional equivalent thereof, or a recombinant sequence compnsmg a part 
of said region or said equivalent. 

6 A recombinant DNA sequence including a region comprising nucleotides 11 95 to 1341 of the sequence 
JepTd in SEQ ID No 1 or a functional equivalent thereof, or recombinant sequence compnsmg a part 
of said region or said equivalent. 

7 A recombinant DNA sequence including a region comprising nucleotides 1195 to 1268 of the ^ sequence 
depicted in SEQ ID No 1 or a functional equivalent thereof, or a recombinant sequence compnsmg a part 
of said region or said equivalent. 

8. A recombinant DNA sequence comprising at least one region or part or ^^^^^ 
any one of claims 3 to 7, wherein said region or part or equivalent .s located on the 5 s.de of, and op 
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a eflrtl10 nrp nf a heteroloqous gene or to a sequence comprising nu- 
^^h;^ fn t hp orecedinq claim, wherein a translation enhancing se- 

the DNA sequence 3' thereto. 

^ L«de, >,c,i, and v,™se, 

the function or amino acid encoding capability thereof. 

c 1 11 whirh is modified in that codons which are pre- 

1 2 . Recombinant DNA according to any one of dam. 1 * " " used s0 thal expr essi 0 n of 

ferred by the organism into which the ^^^^^J^^ to that obtained by expres- 
^^^^^^^ Jprotein-encoding components of 
the recombinant DNA are endogenous. 
13 A resequence which is complementary to one which, under stringent conditions, hybridizes to the re- 
' combinant DNA sequence according to any one of claims 1 to 12. 

14. A DNA vector comprising a recombinant DNA sequence according to any one of claims 1 to 12, or a DNA 
sequence according to claim 13. 

1 5. Protein obtained by expression of the DNA according to any one of claims 1 to 13. 

. . ;„ C cn in Nn 7 or a functional equivalent of said se- 

16. Protein having the amino acid sequence depicted in SEQ ID No. 2. or 

quence, 

1 7 Amicro-organismorp.antce.lorprotoplastwhichhasbeentransformedwithrecombi^^ 

' to any one of claims 1 to 11. or a DNA sequence accord.ng to claim 12. 
18. A plant, the genome of which comprises a vector according to claim 14. in which plant the recombinant 

DNA is expressed. 

wheat barley, rice, corn, cotton, potato, carrot, lettuce, cabbage and on.on. 

20. Theprogenyorseedsofplantsa^^ 
progeny. 
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Fig. 2 
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